white clover (Trifolium repens), were reported as early as the 1970s (Lambert et al. 1977) . According to temperate pasture species provide a low-cost option to fill the winter-feed gap and supplement the lower summer forage quality that is characteristic of tropical species. The choice of species over-sown into kikuyu has been found to influence sward production during spring and summer (Elmore et al. 1997; Harris 1999; Botha 2008 Botha , 2009 . Therefore, careful consideration should be given to the selection of species and how it will affect fodder flow and availability. The maximum benefit from over-sowing is obtained when the sown species complements, rather than replaces, the existing sward (Bartholomew 2005) . In a kikuyu pasture the over-sown species should therefore improve winter and early spring production, but should not lower the production of kikuyu during summer and autumn. The strategic incorporation of temperate grasses, such as annual and perennial ryegrass, has been shown to improve the seasonal dry matter (DM) production and quality of kikuyu pasture (Botha 2003) . Some of the advantages of such kikuyu-ryegrass systems include greater seasonal DM production, increased grazing capacity, a more even seasonal fodder-flow and ease of management compared to kikuyu-clover systems (Botha et al. 2008a) . Currently, three varieties or species of ryegrass, comprising Italian (Lolium multiflorum var. italicum), Westerwolds (L. multiflorum var. westerwoldicum) and perennial ryegrass (L. perenne), are over-sown into kikuyu in the southern Cape. Data on the impact of the various ryegrass species Seasonal dry matter production, botanical composition and forage quality of kikuyu over-sown with annual or perennial ryegrass Introduction and their different growth patterns, as related to seasonal production of a kikuyu-based pasture, is limited. The aim of this study was to compare the pasture growth rate, yield, botanical composition and forage quality of kikuyu-based pasture over-sown with annual or perennial ryegrass.
Materials and methods

Study area
This study was part of a larger system trial conducted over two years on the Outeniqua Research Farm (33°58′38″ S, 22°25′16″ E; elevation 201 m) in the Western Cape province of South Africa. The area is characterised by a temperate coastal climate with a mean annual rainfall of 725 mm, and mean minimum and maximum temperatures ranging between 7-15 °C and 18-25 °C, respectively (ARC 2010) . Winter was defined as the months June, July and August; spring as September, October and November; summer as December, January and February; and autumn as March, April and May. This article is based on research conducted from June 2007 to May 2008 (year 1) and from June 2008 to May 2009 (year 2). The minimum and maximum temperatures and rainfall during the study period relative to the long-term (30-year) average is shown in Figure 1 . The total annual rainfall during year 1 was 491 mm above the 30-year long-term average, with rainfall higher than the long-term average during May, July and between November and February. During November in year 1, a total of 491 mm fell within one month, but this did not impact the trial measurements. During year 2 the total annual rainfall of 583 mm was 142 mm below the long-term average, with monthly rainfall below the long-term average during all months except June, August, November and February. During the study, mean maximum and minimum temperatures did not deviate considerably from the long-term averages.
Experimental layout and treatments
Nine hectares of existing kikuyu pasture under permanent sprinkler irrigation was divided into eight blocks that served as replicates. Each block was divided into three experimental paddocks, to which one of the three treatments was randomly allocated. This resulted in a total of 24 experimental paddocks with a mean size of 0.375 ha, with eight experimental paddocks allocated to each treatment. The treatments consisted of annual Italian ryegrass 'Jeanne', annual Westerwolds ryegrass 'Jivet' or perennial ryegrass 'Bronsyn' over-sown into kikuyu. Pastures were established on an annual basis using the methods laid out in Table 1 . The Italian and Westerwolds ryegrass was over-sown during March and the perennial ryegrass during April. The perennial ryegrass was re-established annually due to its poor persistence into the second year, as is common to this region (Botha et al. 2008c; van der Colf and Botha 2014) .
Pasture management
Irrigation was scheduled by means of irrometer tensiometers (Calafrica SA, Nelspruit, South Africa) placed at strategic locations throughout the experimental area at a depth of 150 mm. Irrigation commenced at a tensiometer reading of −25 kPa and was terminated at −10 kPa (Botha 2002) . Drought conditions during December and January in year 2 (Figure 1 ), accompanied by a low availability of irrigation water, resulted in irrigation below optimum levels during January and February of year 2.
Soil samples were taken to a depth of 100 mm on an annual basis during February and analysed for pH (KCl), calcium (Ca), magnesium (Mg), sodium (Na), potassium (K), phosphorus (P), copper (Cu), zinc (Zn), manganese (Mn), boron (B), sulphur (S) and carbon (C) concentrations. Fertiliser was applied according to the soil analysis to raise the soil P (citric acid method) concentration to 35 mg kg −1 , the K concentration to 80 mg kg −1 and pH (KCl) to 5.5 (Beyers 1973) . All the treatments were topdressed on a monthly basis with limestone ammonium nitrate (LAN) at a rate of 55 kg N ha −1 (Marais 2001; Botha 2003) . Jersey cows were used to strip-graze pasture treatments in a put-and-take system according to DM yield. A fresh block of grazing was allocated to the cows after each milking and cows were allowed to back-graze for a maximum of 2 d. Cows were on the experimental area for a total of 32 d at a time. Thus, the grazing cycle during the experimental period was 32 d. However, while one block was being grazed, the other seven were rested, resulting in a 28-day period of absence from each block. Animal production parameters, including grazing capacity, milk production per animal and milk production per hectare for this study are discussed in detail in van der Colf et al. (2015) .
Pasture dry matter production determination Dry matter production of the pasture treatments was estimated using a rising plate meter (RPM ; Stockdale 1984; Fulkerson 1997 ) that was calibrated three times per grazing cycle or approximately every 10 d. The RPM was calibrated by developing a linear regression that related the RPM height to aboveground herbage DM per unit area. The height of the pasture was measured with the RPM at a specific point, a ring of the same size as the RPM plate (0.098 m 2 ) placed over the RPM and all DM within the ring borders ('t Mannetjie 2000) cut above a height of 30 mm (Fulkerson and Slack 1993; Botha 2003) . Six samples were cut at a height estimated by the operator as low, medium and high growth in a specific pasture, respectively, per treatment. A total of 18 calibration samples were cut per treatment at each calibration. Pre-grazing calibrations were cut the day before animals entered a paddock. The data collected during calibration cuts was used to construct a linear regression model that related meter height to DM production according to the equation Y  mH  b, where m  the gradient, H  the rising plate meter height, and b  the intercept. Data were progressively pooled within a season to develop a cumulative seasonal regression as the season progressed.
Pasture height of each paddock was estimated by taking 200 RPM measurements per paddock in a zigzag pattern before and after grazing. Measured pasture height and the developed calibration equations were used to estimate the average DM per hectare.
Botanical composition
Botanical composition was estimated by placing six 0.25 m 2 quadrants randomly within an experimental paddock and cutting samples to a height of 30 mm. The six samples were pooled and thoroughly mixed; a grab sample of approximately 500 g was taken and then separated into three fractions. The three fractions were kikuyu, ryegrass and 'other'. The 'other' component consisted primarily of grasses such as Bromus catharticus and Paspalum notatum and the broadleaf weed Arctotheca calendula. The samples were dried at 60 ºC for 72 h, weighed and the percentage contribution of each fraction calculated on a DM basis (Fenthum-Vermeulen 2009 ).
Forage quality
Samples for quality analyses were collected at the same time as the calibration clippings. A total of six samples were cut at a height of 30 mm per treatment at each sampling date. Samples were dried at 60 ºC for 72 h to a constant mass and weighed to determine the DM content (%). The six samples of each treatment were pooled and milled (SWC Hammer mill, 1 mm sieve). Samples were analysed for in vitro organic matter digestibility (IVOMD) (Tilley and Terry 1963) , crude protein (CP; AOAC 2000a), neutral detergent fibre (NDF; Robertson and van Soest 1981) , Ca (Giron 1973) , P (AOAC 2000b) and Mg (Giron 1973) content. Metabolisable energy (megajoules per kilogram DM) was calculated from the IVOMD (ME  18.4  IVOMD%  0.81) (ARC 1984; MAFF 1984) .
Statistical design
The experiment used a complete block design with the three treatments randomly allocated within each of the experimental blocks. The blocks cannot be viewed as independent of each other because they were grazed successively (Wilkens et al. 1995) . A factorial analysis of variance was performed with seasons, months or years included as factors. Student's t-LSD (least significant difference) was calculated at the 5% significance level to compare treatment means. The STATS module of SAS version 9.12 was used to analyse the data (SAS Institute 1999).
Results and discussion
Growth rate, seasonal and annual dry matter production Mean monthly pasture growth rate (kilograms DM per hectare per day) of kikuyu over-sown with Italian, Westerwolds or perennial ryegrass during year 1 and year 2 is presented in Tables 2 and 3, respectively. Growth rate varied with respect to months and treatments during both years. Irrespective of the ryegrass over-sown, the lowest (P  0.05) growth rate for all systems either occurred during June, July or August. The ryegrass over-sown into kikuyu influenced the month or months during which the highest growth rate was obtained. For the Italian ryegrass-kikuyu system the highest (P  0.05) and similar (P  0.05) to the highest growth rates occurred during October, November, December and February in year 1. During year 2 the highest (P  0.05) growth rate for this treatment was during October. When kikuyu was over-sown with Westerwolds ryegrass the highest (P  0.05) and similar (P  0.05) to the highest growth rates occurred during January and February during year 1 and December, January and March in year 2. The highest (P  0.05) and similar (P  0.05) to the highest growth rates for the perennial ryegrass-kikuyu pasture occurred between December and February during year 1 and between October and December in year 2. During both years, the growth rate of kikuyu over-sown with Italian ryegrass was higher (P  0.05) during October and November than when over-sown with Westerwolds ryegrass. The growth rate of the Westerwolds ryegrasskikuyu pasture was, however, higher (P  0.05) than that of Italian ryegrass-kikuyu during January and February. The growth rate of perennial ryegrass-kikuyu was the highest (P  0.05) or similar (P  0.05) to the highest within months from November to February in year 1 and from September to December during year 2. Thus, the perennial ryegrasskikuyu system achieved similar growth rates to Italian ryegrass-kikuyu during spring and Westerwolds ryegrasskikuyu during early summer, which coincided with a peak in production for the latter two systems.
The total seasonal DM production for kikuyu over-sown with Italian, Westerwolds or perennial ryegrass is shown in Table 4 . The spring and summer DM production for all kikuyu-ryegrass treatments was higher (P  0.05) than winter or autumn production for both years. These results are similar to those of Garcia et al. (2006) , with lower yields during winter-autumn than spring summer for kikuyuannual ryegrass pastures in Australia. Swanepoel et al. (2015) also reported that kikuyu-based pastures exposed to different degrees of cultivation to establish ryegrass showed mutually low growth rates during winter and attributed it to low ambient soil temperatures rather than treatment effects. Although winter production was lower than during other seasons for treatments in this study, growth rates and seasonal production compared favourably with seasonal yields of between 2 and 5 t DM ha −1 for pure swards of annual and perennial ryegrass in the region (van der Colf and Botha 2013; van der .
For the Italian ryegrass-kikuyu pasture, the spring and summer production were similar (P  0.05). However, for the Westerwolds ryegrass-kikuyu pasture summer production was higher (P  0.05) than during spring. The perennial ryegrass-kikuyu pasture had higher (P  0.05) summer than spring production during year 1, but seasonal production was similar (P  0.05) during year 2.
As for growth rates, seasonal production showed distinct trends depending on the ryegrass species or variety over-sown. Italian ryegrass-kikuyu out-yielded (P  0.05) Westerwolds ryegrass-kikuyu during spring, whereas Westerwolds ryegrass-kikuyu had higher (P  0.05) summer production. These results indicate that that the spread of seasonal production, particularly during spring and summer, will differ depending on the ryegrass over-sown into kikuyu. These characteristics are due to differences in the inherent production patterns between the over-sown species and the effect the growth of these species has on the recovery of kikuyu from winter dormancy. Zulu et al. (2014) found that pure swards of Italian and Westerwolds ryegrass differ in growth rate during spring, with Italian ryegrass out-yielding Westerwolds ryegrass from October onwards when sown during autumn. A similar pattern was seen in this study, with the Italian ryegrasskikuyu pastures having higher growth rates during spring than the Westerwolds ryegrass-kikuyu pastures. This coincides with the period when newly emerging kikuyu will have to compete with ryegrass to start its growth season (Willis 1995; Fulkerson and Reeves 1996) . The relatively low growth rate of Westerwolds ryegrass during spring would allow a more rapid recovery of the kikuyu compared to Italian ryegrass, and this is reflected in the higher growth rates and seasonal DM production obtained from the Westerwolds ryegrass-kikuyu pasture during summer. Harris and Bartholomew (1991) found similar results under cutting trials where kikuyu was over-sown with Italian or Westerwolds ryegrass.
Although the perennial ryegrass-kikuyu system was similar to the Westerwolds ryegrass-kikuyu system in terms of seasonal production during year 1, it was also the only ryegrass-kikuyu system that maintained the highest (P  0.05) or similar (P  0.05) to the highest seasonal production within all seasons in year 2. Limited information is available on the effect of over-sowing a perennial grass into kikuyu. Seasonal production during this study, however, indicates that when kikuyu is over-sown with perennial ryegrass, the seasonal growth pattern and production will be intermediate between that of Italian and Westerwolds ryegrass-kikuyu systems.
The total annual DM production (kilograms DM per hectare) of the kikuyu over-sown with Italian, Westerwolds or perennial ryegrass is shown in Table 5 . All treatments had similar (P  0.05) total annual DM yields during year 1, varying between 18 083 and 18 880 kg DM ha −1 y −1. During year 2, however, the perennial ryegrass-kikuyu had a higher (P  0.05) annual DM production than the Italian and Westerwolds ryegrass-kikuyu during year 2. During year 2 the ability of the perennial ryegrass-kikuyu system to have the highest or similar to the highest growth rate during all seasons resulted in it having a higher total annual DM production. Whether this trend was due to a lower degree of competition between kikuyu and perennial ryegrass during spring or a contribution from ryegrass to summer production is not clear. The total annual DM production recorded during this study was similar to results previously reported for kikuyu-annual ryegrass of between 15.7 and 20.3 t DM ha −1 (Garcia et al. 2006; Botha et al. 2008a; Callow et al. 2012; Swanepoel et al. 2015) .
Botanical composition
The seasonal changes that occurred in the botanical composition of treatments, in terms of the percentage kikuyu, ryegrass and other species during year 1 and year 2, are presented in Table 6 . The contribution of kikuyu and ryegrass to the botanical composition of the pasture differed between seasons and treatments. The kikuyu component increased in all treatments (except Italian ryegrass-kikuyu in year 1) from spring to autumn, whereas the ryegrass component decreased.
The kikuyu component was similar (P  0.05) for all pastures during winter and spring for both years. During year 1 the Italian ryegrass-kikuyu pasture had a lower (P  0.05) kikuyu component than the Westerwolds ryegrass-kikuyu in summer and a higher (P  0.05) ryegrass component than perennial and Westerwolds ryegrass-kikuyu during autumn. During summer of year 2, perennial ryegrass-kikuyu had a lower (P  0.05) kikuyu and higher (P  0.05) ryegrass component than Westerwolds ryegrass-kikuyu, but both kikuyu and ryegrass were similar (P  0.05) to that of Italian ryegrass-kikuyu. The ryegrass percentage of the perennial ryegrasskikuyu was higher (P  0.05) during autumn than both the Westerwolds and Italian ryegrass-kikuyu treatment during year 2. The contribution of other species did not differ (P  0.05) between treatments within seasons during year 1.
Nutritive value
The DM content (%) of kikuyu over-sown with Italian, Westerwolds or perennial ryegrass during year 1 and year 2 is given in Table 7 . The DM content of all pasture treatments was higher (P  0.05) during summer than winter. Compared within seasons, the DM content of all three kikuyu-ryegrass pastures were similar (P  0.05) during winter and spring, whereas the DM content of perennial ryegrass-kikuyu was highest (P  0.05) or similar (P  0.05) to the highest for summer and autumn. These results are in agreement with the results from Botha (2003) , who found that the DM content of kikuyu-annual ryegrass pastures was higher during summer-autumn than spring. The high DM content of the three pastures treatments during summer coincided with an increase in the kikuyu component and high growth rates during this period.
Mean seasonal ME content (MJ kg −1 DM), CP content (%) and NDF content (%) of the three kikuyu-based systems during year 1 and year 2 is shown in Table 8 . The ME content of kikuyu over-sown with annual or perennial ryegrass species varied between 7.94 and 12.4 MJ kg −1 DM. According to Meeske (2002) , a 400 kg dairy cow producing 13 kg milk d −1 requires a ration with a ME content of at least 10.5 MJ kg −1 DM, therefore ME will at times be undersupplied within kikuyu-ryegrass pasture systems. The ME content of all treatments was sufficient during winter, whereas with the exception of perennial ryegrass-kikuyu during summer in year 2, the ME content of all treatments was below the required concentration of 10.5 MJ kg −1 DM during summer and autumn. The ME content of all kikuyuryegrass pastures decreased (P  0.05) from winter to spring and from spring to summer during year 1. Botha (2003) reported that although annual ryegrass over-sown into kikuyu can improve the ME content of pastures during spring relative to pure kikuyu pastures, the ME showed a dramatic decrease during summer as the kikuyu content increased. During year 2 the ME content of all three treatments decreased (P  0.05) from winter to summer and from summer to autumn.
When compared within seasons and years (same rows), the ME content of all three treatments were similar (P  0.05) during winter and spring of year 1 and year 2. During year 1 the Italian ryegrass-kikuyu treatment had a higher (P  0.05) ME content than the Westerwolds and perennial ryegrass-kikuyu during autumn. The ME content of perennial ryegrass-kikuyu was similar to (P  0.05) or higher (P  0.05) than the other treatments during all seasons in year 2. The ME content of all the ryegrasskikuyu pastures were higher than the concentrations of 8.92 and 8.13 MJ kg −1 DM reported for pure kikuyu during summer and autumn by Botha et al. (2008a) , except during autumn in year 2 when Italian ryegrasskikuyu and Westerwolds ryegrass-kikuyu had very low ME contents of 7.94 and 8.19 MJ kg −1 DM, respectively. In the same study conducted by Botha et al. (2008a) , the mean annual ME content of kikuyu over-sown with annual ryegrass was found to be 9.28 MJ kg −1 DM, and also decreased from 11.5 MJ kg −1 DM during spring to as low as 7.87 MJ kg −1 DM during autumn. Although the drop in ME value could be partially attributed to the increase in the kikuyu component in the pastures investigated here, it has been found that the ME content of both annual and perennial ryegrass dropped below 9.0 MJ kg −1 DM during summer when grown in pure ryegrass swards in the subtropics (Lowe et al. 1999) .
The seasonal CP content across all treatments varied between 17.9% and 32.4% over two years. These CP contents were all above the recommended rate of 15% CP for high-producing dairy cows (NRC 2001) . The CP content of perennial ryegrass-kikuyu was the lowest (P  0.05) during the winter of year 1 compared to the other treatments and lower (P  0.05) than Italian ryegrass-kikuyu during autumn. These results are similar to those of Lowe et al. (1999) that showed a higher CP content for Italian ryegrass than perennial ryegrass in winter, with non-significant differences during the other seasons (P  0.05). During year 2 all three treatments had similar (P  0.05) seasonal CP contents when compared within season. This agrees with the findings by and Tharmaraj et al. (2008) that annual and perennial ryegrasses have similar CP contents, and that during summer and autumn CP values are largely based on kikuyu. The CP contents of all treatments were higher (P  0.05) in winter than in summer and autumn. Like ME, the CP content of all pasture treatments tended to decrease from winter to summer as the kikuyu component increased and pastures reached their peak growth rates. Botha et al. (2008a) also reported that the CP content of kikuyu-ryegrass pastures was higher in spring than in summer and autumn. The NDF of all treatments was lower (P  0.05) during winter and spring than during summer and autumn. These results compare favourably with those of Botha et al. (2008a) who reported an increase in the NDF content of annual ryegrass-kikuyu pastures from spring to summer. During year 1 the NDF content of all treatments was similar (P  0.05) during winter, spring and autumn when compared within season. The higher (P  0.05) NDF content observed within all treatments during summer and autumn, compared with spring and winter, was associated with an increase (P  0.05) in the kikuyu component from spring to autumn for all treatments. This is in agreement with Botha (2003) who identified botanical composition as the main determinant of NDF content in kikuyu-based systems.
During year 2 the NDF content was similar for all pastures during winter, summer and autumn when compared within season. The NDF content of Westerwolds ryegrass-kikuyu was higher (P  0.05) during the summer of year 1 than for Italian ryegrass-kikuyu. During year 2 a similar trend was seen during spring, with the NDF content of Italian ryegrass-kikuyu lower (P  0.05) than that of Westerwolds ryegrass-kikuyu. The NDF content of temperate species, such as perennial ryegrass, have been found to be lower than for kikuyu . The NDF content of all pastures remained below values of 62.6-64.7% reported by Botha et al. (2008a) for pure kikuyu pastures during summer and autumn. Thus it can be concluded that if ryegrass is maintained in kikuyu pastures for longer during summer and autumn, it will reduce the NDF content of these mixed pastures. The NDF content of Italian and Westerwolds ryegrass-kikuyu was similar to those reported by Fulkerson et al. (2007) for annual ryegrass during winter (42.4-45.9%) and spring (49.5-53.1%). The NDF content of perennial ryegrass-kikuyu during winter and spring was similar to concentrations of between 39.1% and 44.7% for perennial ryegrass during this period reported in the literature (Lowe et al. 1999) .
Seasonal changes in forage quality within the different ryegrass-kikuyu pastures investigated were closely related to changes in seasonal botanical composition, with all systems changing from primarily ryegrass during winter to kikuyu during summer. The tendency for ME to decrease and NDF to increase in kikuyu-annual ryegrass pastures from winter to summer was found to negatively affect potential milk production and intake (Farina 2009) , with the primary limitation not ME content alone, but the ability of dairy cows to achieve sufficient ME intake (Garcia et al. 2014) . Crude protein tended to be highest for all the ryegrass-kikuyu systems during winter and lowest during summer or autumn. The variable ME and CP contents of pasture were found by Erasmus (2009) to result in CP and ME being over-supplied during winter on kikuyu-ryegrass pastures when animals receive concentrate supplementation in addition to pasture. Concentrate supplementation thus remains a challenge within a kikuyu-based pasture system due to the complex seasonal changes in botanical composition and forage quality. The impact of the ryegrass species over-sown into kikuyu on the CP and NDF of the pasture was less pronounced than that of seasonal effects. However, the ME content was higher in instances where a ryegrass component was maintained into summer and autumn, specifically for Italian ryegrass-kikuyu during autumn in year 1 and perennial ryegrass-kikuyu during summer and autumn in year 2.
The mean seasonal Ca, P and Mg contents of kikuyu over-sown with Italian, Westerwolds or perennial ryegrass is shown in Table 9 . The Ca content of all treatments was similar (P  0.05) within spring and summer of year 1. During autumn of year 1, however, perennial ryegrass-kikuyu had a higher (P  0.05) Ca content than Westerwolds ryegrasskikuyu, but did not differ (P  0.05) from Italian ryegrasskikuyu. There were no differences (P  0.05) between the three treatments in seasonal Ca content in year 2. Although Botha et al. (2008a) did not report an improvement in the Ca content of kikuyu pastures by over-sowing it with ryegrass, the winter Ca contents during the study compared favourably with values of 0.41% reported for annual ryegrass (Thom and Prestridge 1996) , and were higher than the range of 0.21-0.39% reported for perennial ryegrass by . The Ca contents obtained during the study were, however, similar to a concentration of 0.36% reported by Meeske et al. (2006) for kikuyu pastures during summer and autumn in the same region. All pastures were deficient in Ca during the entire study period, and kikuyu-ryegrass pastures alone did not meet the requirements of high-producing dairy cows of 0.67% Ca (NRC 2001). As a result, Ca should be adequately supplemented to high-producing dairy cows grazing kikuyu-ryegrass pasture. Botha et al. (2008a) noted that the inclusion of clover in a kikuyu based pasture is another potential management practice to reduce the risk of Ca deficiencies that are common for kikuyu-ryegrass pastures. The type of ryegrass over-sown into kikuyu did not result in different P content's when compared within season. During year 1 the P content of the Italian and perennial ryegrass-kikuyu pastures was similar (P  0.05) during all seasons, but decreased (P  0.05) from winter to autumn during year 2. The P content of all pasture treatments were sufficient or above 0.38% (NRC 1989) for high-producing dairy cows during winter and spring, but below requirements for summer and autumn. The P content of pastures during this study was higher than reported for kikuyu-based systems by Fulkerson et al. (1999) , lower than those reported by Botha et al. (2008a) and similar to those reported by Garcia et al. (2006) . The P content of kikuyu-ryegrass pastures thus seems to be highly variable across studies, which could make supplementation of this nutrient for dairy cows grazing kikuyubased pastures particularly challenging.
At between 0.30% and 0.59%, the Mg concentration remained at or above the requirements for high-producing dairy cows of 0.30% (NRC 1989) for all treatments. During year 1, the Mg content of all treatments was the highest (P  0.05) during winter and lowest (P  0.05) during spring and summer. The Mg content of all three treatments was similar (P  0.05) within all seasons during year 1 and year 2, except during winter of year 1 when perennial ryegrass-kikuyu had a lower (P  0.05) Mg content than Westerwolds and Italian ryegrass-kikuyu.
Conclusions
The growth rate of kikuyu over-sown with Italian, Westerwolds or perennial ryegrass varied monthly, with the treatments reaching their peak growth rates during different months and seasons. Winter growth rates were low compared to other seasons. Italian ryegrass experienced its highest growth rates during spring, the Westerwolds ryegrass-kikuyu treatment during summer and the perennial ryegrass-kikuyu treatment during late spring and early summer.
The lower growth rate of the Westerwolds ryegrass treatment during spring, compared with the Italian ryegrass, resulted in a higher kikuyu component during spring, summer and autumn. The high growth rate of the Italian ryegrass during spring impacted negatively on the summer DM production of the Italian ryegrass-kikuyu pasture due to the delayed commencement of kikuyu growth during spring and resultant lower kikuyu density in summer. During year 2 the perennial ryegrass-kikuyu treatment had a higher seasonal DM production than Westerwolds ryegrass-kikuyu during spring and Italian ryegrass-kikuyu during summer and autumn. The ability of the perennial ryegrass-kikuyu treatment to maintain DM production during periods when the other treatments underwent a decrease in production enabled it to achieve a higher annual DM production during year 2.
As the kikuyu component increased for all treatments from winter to summer, it resulted in an increase in DM and NDF content, while the ME content decreased. It was found that if ryegrass was maintained at higher levels during summer and autumn (as for the Italian ryegrasskikuyu treatment during year 1 and the perennial ryegrasskikuyu treatment during year 2) it resulted in higher ME values of pastures during these seasons. Thus, if ryegrass can be maintained in kikuyu pastures during summer and autumn, it could potentially improve the nutritive value of these pastures. All pastures were deficient in Ca and did not meet the requirements for dairy cows throughout the experimental period. Therefore, dairy cows grazing kikuyu over-sown with ryegrass should be supplemented with Ca. The P contents of the kikuyu-based systems were also deficient, especially for high-producing dairy cows during summer and autumn.
In conclusion, the ryegrass species and varieties over-sown into kikuyu during autumn will influence the production potential of kikuyu during summer and autumn. Kikuyu over-sown with perennial ryegrass on an annual basis achieved a higher annual DM production than kikuyu over-sown with annual ryegrass varieties. The presence of 
